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The problem of intense short laser pulse propagation in the large scale underdense plasma continues to attract research interest [1]. Propagation of relativistic laser pulses in underdense plasmas is relevant to different particle acceleration schemes, inertial confinement fusion by fast ignition and new interaction physics of superintense laser pulses. The nonlinear evolution of such a pulse involves relativistic self-focusing (RSF) and channeling. Finding a stable regime of propagation of these pulses over large distances in long scale length plasmas is critical for many of these applications. 
In this paper we report on detailed studies of RSF and channelling of intense laser pulses in underdense plasma using analytical theory and two-dimensional particle-in-cell PIC simulations, for different laser powers and plasma densities. We described the regime of plasma parameters where stationary solutions [2] of RSF and plasma channeling can be reached in PIC. Analytical solutions for the stationary evacuated channels have been recovered in PIC simulations. The important result of this paper is the demonstration that the single fully evacuated stationary channel solution due to RSF is a stable asymptotic state in PIC simulations. We found that it is possible in the density range 0.01<n0 /ncr<0.1, where ncr – critical density, and for the laser power above channelling power. The long term evolution of the fully evacuated filaments includes electron acceleration due to the interaction with surface waves. Surface waves are excited by the coupling between longitudinal ponderomotive force of the ascending (descending) portions of the laser pulse with the plasma on the walls of the channels. Hot electrons can eventually fill up the channel and lead to its destruction. Different regimes of relativistic self-focusing and channelling, including electron heating, transverse instability, and break-up of the filaments, have been discussed and characterized using plasma density and laser power.
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